High tunnels are expanding opportunities to increase local food production in the midst of a globalized food system. They can overcome biophysical growing constraints by buffering temperatures to extend the growing season and shelter crops from extreme weather events. In 2010, the U.S. Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS) began subsidizing the purchase of high tunnels. However, many questions remain about the factors influencing participation in the program and its impacts. Using mixed-methods research, this paper assesses the biophysical, market, and sociodemographic factors influencing NRCS high tunnel adoption in the U.S. and examines how food production in high tunnels affects farmers, consumers, and the local food movement. Results show that the number of NRCS high tunnels per county increased in relation to a mixture of biophysical (high latitude, proximity to the coast, small average farm size, and high percent of farmland in vegetable production), market (high direct-to-consumer sales, good access to grocery stores, and high median household income), and socio-demographic (high percentage of nonwhite population, metropolitan counties with more than 250,000 people, and adjacent urban counties with fewer than 20,000 people) factors. According to our survey of Virginia high tunnel growers, high tunnel produce is largely sold locally (within 50 miles or 80 km of production) and marketed direct-to-consumers in Virginia. Many growers in Virginia who would not have purchased a high tunnel without NRCS support plan to purchase a
Introduction
Food insecurity 1 is on the rise globally (Khoury, Bjorkman, Dempewolf, Ramirez-Villegas, Guarino, Jarvis, Rieseberg, & Struik, 2014) . Many attribute this to volatility in global markets and food supply (Food and Agriculture Organization [FAO], 2008) . Other criticisms of the globalized food system include increasingly homogeneous production and consumption patterns (Khoury et al., 2014; O'Hara & Stagl, 2001) , and negative impacts on personal health and quality of life (Kennedy, Nantel, & Shetty, 2004 ). In the search for solutions, increasing local food 2 production has been offered as one option to boost food security and combat the ill effects of globalization (Porter, Dyball, Dumaresq, Deutsch, & Matsuda, 2014) .
In the United States, local food production and consumption is on the rise. From 1992 to 2007, direct-to-consumer sales grew from US$404 million to US$1.2 billion, growing twice as fast as total agricultural sales in the U.S. (Tropp, 2010) . Local food's market share has since expanded to US$6.1 billion in 2012, which is approximately 1.5% of total U.S. farm sales (Low et al., 2015) . The amount of food that can be grown, marketed directly to consumers, and consumed locally is often limited by market capacity and biophysical growing constraints (Martinez et al., 2010;  1 "Food security exists when all people, at all times, have physical and economic access to sufficient safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life" (FAO, 2008) . 2 Local food as defined by the U.S. Congress in the 2008 Food, Conservation, and Energy Act is any regionally or locally agricultural product produced within less than 400 miles (644 km) from its origin, or within the State in which it is produced (Martinez, 2010) . Timmons, Wang, & Lass, 2008) . High tunnels are emerging as a technology that can increase local food production by protecting crops from cold temperatures and extreme weather events (Hood, Little, Coatney, & Morgan 2011; O'Connell, Rivard, Harlow, Peet, & Louws, 2012) .
While there are a variety of high tunnel designs, most share several common attributes. They are covered by clear plastic, passively heated by solar energy, and built directly over the soil (Lamont, McGann, Orzolek, Mbugua, Dye, & Reese, 2002) . One high tunnel typically covers an area of around 2,000 square feet (186 square meters) (University of Illinois Extension [UIE], 2014). The cost of construction is roughly US$2 per foot 2 (0.1 m 2 ) (Coolong, 2012) , which is much less than constructing a conventional greenhouse (Hood et al., 2011; Ochterski, 2012) . They are predominately used to produce high-value and specialty produce (Cheng & Uva, 2008; Winter, 2008) . One standard high tunnel (30 x 70 ft. or 9 x 21 m) with 195 slicer tomato plants could net as much as US$5,200 in a single growing season (Chase, 2012) . This equates to approximately US$100,000 per acre, 3 compared to netting US$20,000 per acre per year for high-value vegetables grown in the field (Chase, 2012) .
The affordability of high tunnels and their potential to extend the growing season have made them profitable for a growing number of farmers (Carey, Jett, Lamont, Nennich, Orzolek, & Williams, 2009; National Center for Appropriate Technology, 2009) . Survey data collected at three farmers markets in Michigan showed that customers were willing to pay premium prices for salad greens, spinach, and tomatoes late and early in the year (Conner, Montri, Montri, & Hamm, 2009 ). Forty-nine percent of the respondents indicated that they would pay up to US$3.00 extra per head of lettuce in the winter months (Conner et al., 2009) . Additionally, growers report that high tunnels help them to retain their customer base because they have produce to sell more consistently throughout the year (Arnold & Arnold, 2003) .
High Tunnels and the NRCS
In response to the growing demand for local foods, the USDA instituted the Know Your Farmer, Know Your Food initiative to increase the connection between all levels of agricultural production and the consumer (USDA, 2013) . In support of this initiative, the USDA tasked the Natural Resources Conservation Service (NRCS) with administering the Seasonal High Tunnel (SHT) initiative in 2009 (referred to throughout this paper as the NRCS high tunnel program), under the umbrella of the Environmental Quality Incentives Program (EQIP). In 2011, USDA then-deputy secretary Kathleen Merrigan made a statement attempting to directly link the NRCS high tunnel program with benefits to the local food system: By capturing solar energy, seasonal high tunnels create favorable conditions enabling farmers to grow vegetables, berries, and other specialty crops in climates and at times of the year in which it would not be possible otherwise. Farmers who sell their high tunnel produce locally benefit from the extra income and the community benefits from the availability of fresh, locally grown food. (Merrigan, 2010) The NRCS also stated a goal of serving historically underserved groups of farmers, including beginning (those operating their current farm for less than two years) (USDA NASS, 2014), and non-white farmers (USDA NRCS, 2014) .
Under the NRCS high tunnel program, individual farms have been eligible to receive up to US$4,116 toward the construction of a 2,178 square foot (202 m 2 ) or smaller high tunnel (USDA NRCS, n.d.). After four years of government support in the U.S., it is time to examine the factors driving NRCS high tunnel adoption and to explore their impacts. Specifically, this paper will address the following questions:
(1) Where have NRCS high tunnels been built? (2) What influence do biophysical, market, and socio-demographic factors have on NRCS high tunnel adoption and distribution?
(3) Are high tunnels helping farmers, consumers, and/or the local food movement?
Methods
To address our research questions, we employed mixed-methods research strategies. These included geographic information system (GIS) mapping and statistical analysis of the nationwide distribution by county of NRCS high tunnels in relation to countylevel biophysical, market, and socio-demographic factors. We also surveyed a subsample of high tunnel growers in Virginia to better understand how some farmers use high tunnels, and whether they are satisfied with the NRCS high tunnel program.
GIS High Tunnel Mapping
High tunnels funded by the NRCS from January 2010 through December of 2013 were mapped to show their distribution throughout the U.S. Data about NRCS high tunnels were obtained through a Freedom of Information Act request. High tunnel population data were totaledand mapped using ArcMap 10.1. To estimate total growing space covered by NRCS high tunnels, each high tunnel was assumed to be 2,000 ft 2 (186 m 2 ) (UIE, 2014).
Regression Analysis
A generalized linear model was constructed to examine relationships between county-level biophysical, socio-demographic, and market variables and the total number of NRCS high tunnels adopted per county in the U.S. until December 2013. The analysis used a negative binomial regression (O'Hara & Pirog, 2013) to account for non-normal and overdispersed data. All statistical calculations were executed using R 3.0.2 (R Development Core Team, 2010). The biophysical variables that were examined included latitude (U.S. Census Bureau, 2014), location outside the arid Midwest, average farm size (in acres) (USDA NASS, 2014), and vegetable production acreage (USDA NASS, 2014). Each was analyzed to describe a county's location and agricultural growing conditions (Wielgolaski & Inouye, 2003) . States considered as "arid Midwest" (Arizona, Colorado, Idaho, Kansas, Montana, Nebraska, Nevada, New Mexico, North Dakota, Oklahoma, South Dakota, Texas, Utah, and Wyoming) were coded as 0, and all other states were coded as 1. Vegetable production acres per county (USDA ERS, 2014) were divided by the total farm land per county prior to analysis (USDA NASS, 2014).
The market variables analyzed were indicators of the strength of the food system before the advent of the NRCS high tunnel program. The specific, local food system factors examined were the percent of direct-to-consumer sales compared to total agricultural sales in 2007 (USDA ERS, 2014), the number of farmers markets per thousand people in 2009 (USDA ERS, 2014), and the percent of farms with community supported agriculture (CSA) programs in 2007 (USDA ERS, 2014). Direct-to-consumer sales include the total agricultural sales directly to individuals via farm stands, farmers markets, CSAs, or pick-your-own operations (USDA ERS, 2014; Low and Vogel, 2011) . Median household income in 2010 was used in the analysis as an indicator of consumer buying power, and the percentage of people with low access to food in 2010 (USDA ERS, 2014) was included as an indicator of food insecurity. According to the USDA definition, households within one mile (1.6 km) of a grocery store have good access to food in urban areas; in rural areas, that distance is increased to 20 miles(32 km) (USDA ERS, 2014).
The socio-demographic factors analyzed included characteristics of county and farmer populations. Specific characteristics of the county populations examined were the percentage of the total population composed of minority individuals (U.S. Census Bureau, 2014), urbanization as measured by the Rural Urban Continuum Code (RUCC), and the percentage of the population voting for the Democratic candidate in the 2012 presidential election (U.S. Geological Survey, n.d.). Specific characteristics of the farmer populations included the percentage of non-white (USDA NASS, 2014) and beginning farmers (USDA NASS, 2014) . RUCC values range from one to nine and were developed by USDA to characterize counties by their degree of urbanization and proximity to metropolitan centers (USDA ERS, 2013). Counties with an RUCC value of 3 (i.e., metropolitan counties with fewer than 250,000 people) or 4 (i.e., nonmetropolitan counties with an urban population of 20,000 or more, and adjacent to a metropolitan area) were coded as 1, and all other counties were coded as 0.
Farmer Survey
High tunnel growers in Virginia were surveyed to elicit details about their demographics, production practices, sales venues, revenue, and satisfaction with the NRCS high tunnel program. Our survey contained 13 questions and was distributed using email lists via Virginia Cooperative Extension, the Virginia Association for Biological Farming, the Catawaba Sustainability Center (Catawaba, Virginia), and the Local Food Hub (Charlottesville, Virginia). Responses were collected by VT Survey (survey.vt.edu), facilitated by Virginia Tech. After receiving approval from the Institutional Review Board at Virginia Tech (IRB #10-1377), an email soliciting survey participation was distributed in April 2014 and was followed by a second email solicitation two months later. Survey responses may have been suppressed due to the Internetbased survey collection method (from those who do not have Internet access) or due to farmers' lack of affiliation with the survey distribution outlets specified above.
Results

GIS High Tunnel Mapping
Between January 2010 and December 2013, the NRCS high tunnel program (USDA, 2013) provided cost-share to qualifying growers for the construction of 9,489 high tunnels. Under the program, 1,810 high tunnels were contracted in 2010, 1,638 in 2011, 3,043 in 2012, and 2,998 in 2013. Assuming an average size of 2,000 ft 2 (186 m 2 ) per high tunnel (UIE, 2014), these high tunnels cover roughly 436 acres (176 ha) (0.027% of total harvested vegetable acreage in the U.S.) (USDA NASS, 2014). The states that adopted the most NRCS high tunnels were Alaska (513), Missouri (480), and Michigan (408); the states that adopted the least were Nevada (5), Arizona (22), and Wyoming (31). Mapping shows that NRCS high tunnels are not uniformly distributed throughout the U.S. (Figure 1 ).
Regression Analysis
Biophysical factors showed the strongest relationship with NRCS high tunnel adoption compared to market and socio-demographic factors (Table 1) . Latitude was the strongest predictor of NRCS high tunnel adoption in the U.S.; counties at higher latitudes adopted more NRCS high tunnels than counties at lower latitudes. States outside the arid Midwest were more likely to adopt NRCS high tunnels than states inside it. Average farm size was negatively correlated with the number of NRCS high tunnels per county, meaning that NRCS high tunnels are more abundant in counties with a higher proportion of small farms. Additionally, NRCS high tunnel numbers increased with increasing amounts of land used for field vegetable production (Table 1) .
Market variables also influenced NRCS high tunnel adoption. As the median household income increased in a county, so did the number of NRCS high tunnels (Table 1) . Furthermore, NRCS high tunnel adoption occurred where there were already relatively robust food systems. Where there was good access to grocery stores, NRCS high tunnel adoption was high (USDA ERS, 2014). Where direct-to-consumer sales were high in 2007, NRCS high tunnel adoption was also high. However, farmers markets and CSAs per county were not specifically related, individually, to NRCS high tunnel adoption.
Two significant relationships were found Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online www.AgDevJournal.com between NRCS high tunnels and the socio-demographic factors examined (Table 1) . A growing non-white population in a county was related to increased NRCS high tunnel adoption. Additionally, more high tunnels were adopted in small metropolitan counties (population fewer than 250,000 people) or large urban counties (population greater than 50,000 people) than in other places. There was no significant correlation between NRCS high tunnel adoption and Democratic votes in the 2012 presidential election. Furthermore, there was no significant relationship between NRCS high tunnels per county and the percentage of non-white or beginning farmers (Table 1) .
Farmer Survey
Sixty-five Virginia high tunnel growers participated in our survey, which included both farmers who did (n=47) and did not (n=18) participate in the NRCS high tunnel program. All together, these farmers managed 142 high tunnels (47 NRCS and 95 other high tunnels). While the total number of high tunnel producers in Virginia is unknown, our survey captured 15% of Virginia's 314 NRCS high tunnel recipients. The surveyed high tunnel farmers answered questions about their demographics, growing practices, and sales venues, with results presented in Table 2 . Survey participants reported their race as white (92%), black (3%), Hispanic (2%), or did not disclose their race (3%). The gender of participants was 41% female, 56% male, and 3% undisclosed. Forty-six percent of respondents reported using their high tunnel(s) for year-round production, and 54% use them throughout spring, summer, and fall. Respondents reported growing a wide variety of produce in their high tunnels; all grew vegetables, fruit, or both, and 65% also grew herbs and/or cut flowers. Survey responses strongly support the presumption that NRCS high (USDA, ERS, 2013) . Counties with a RUCC of 3 or 4 were aggregated and coded as 1. All other counties were coded as 0. h U.S. Geological Survey, n.d.
Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online www.AgDevJournal.com tunnels contribute to local food availability. Of the 65 respondents, 82% sold the majority of their product (at least 75%) within 50 miles (80 km) of their farm. All respondents also reported selling through direct-to-consumer venues, with farmers markets being the most popular venue.
The NRCS high tunnel program increased the willingness of farmers in Virginia to purchase future high tunnels. Forty-four percent of NRCS high tunnel recipients would, and 66% would not, have built their NRCS high tunnel without the cost-share program. After using the NRCS high tunnel, 56% of survey respondents indicated that they are likely or very likely to purchase another high tunnel without a subsidy, while only 21% were not likely. Twenty-three percent of survey participants were undecided about purchasing a future high tunnel. All the farmers who reported generating more than US$2,000 per high tunnel per year of revenue were likely or very likely to purchase a future high tunnel without government support.
Discussion
Farmers
The strongest determining factors in the distribution of NRCS high tunnels are biophysical (Table  1) . Not surprisingly, farmers at high latitudes are taking advantage of high tunnels because they can extend the growing season in cold climates ( Figure  1 ; Smeenk & Nakazawa, 2011) . Farmers outside of the arid Midwest also adopted high tunnels at higher rates than in landlocked states with hot, dry climates. Most farms in the arid Midwest are large, distant from metropolitan areas, and have little existing vegetable production. These factors are all significantly related to high tunnel adoption, according to our analysis (Table 1) (Low & Vogel, 2011) . High tunnels may present an opportunity for small-scale vegetable farmers (less than US$10,000 annual revenue) to grow their operations (Table 1) . While globalization of the food system tends to favor large-scale operations (Jensen, 2010) , many large farms depend on uniformity in management. High tunnels, on the other hand, require more nuanced management and labor that cannot be performed mechanically, and therefore may be better suited to use on small farms (Biernbaum, 2013) . Furthermore, many small farms suffer from a lack of credit and an erratic flow of income (Dodson & Koenig, 1995) . Our survey results show that farmers in Virginia are using high tunnels to extend their growing season, year-round in some places, which can increase total sales and stabilize income throughout the year ( Table 2) . As a bonus, high tunnel growers are also likely to receive premium prices for out-of-season, local produce (Arnold & Arnold, 2003; Lamont et al., 2002; Orzolek, 2013) .
The NRCS high tunnel program was intended to benefit historically underserved farm operators (USDA NRCS, 2014; National Sustainable Agriculture Coalition [NSAC], 2014). Table 1 indicates that adoption of NRCS high tunnels is positively related to the percentage of the population that is non-white. However, there is no correlation between the percentage of non-white farmers or beginning farmers and the presence of NRCS high tunnels in a given county. On the other hand, analyses by NSAC show that underserved, and particularly beginning farmers, have enrolled in the NRCS high tunnel program at higher rates than nonunderserved farmers (NSAC, 2014) . Indeed, more than 70% of NRCS high tunnel contracts were awarded to historically underserved operators in 2013 (NSAC, 2014) . While the NSAC analysis examined only data about NRCS high tunnel recipients, our data describe the underserved farmer populations of entire counties. Therefore, our data indicate that counties with high proportions of underserved farmers were not more successful than counties traditionally well-served by the USDA in obtaining NRCS high tunnel contracts.
Our survey conducted with farmers in Virginia indicates that high tunnels may particularly benefit female farmers (Table 2) , which is encouraging in a traditionally male-dominated global food system (Trauger, 2004) . When asked to identify their gender, 41% of surveyed high tunnel growers (n=65) identified as female principal operators. This is in contrast to national averages reporting females are principal operators of only 14% of all farms, 12% of vegetable farms, and 17% of small farms (USDA NASS, 2014). Most female farmers can be found in the west and northeast (USDA NASS, 2010), which is also where many of the NRCS high tunnels are located (Figure 1) .
Consumers
This research highlights the possibility that consumers who lack access to grocery stores and are low-income may not be benefitting from the additional produce grown in NRCS high tunnels (see Table 1 ) (Colasanti, Conner, & Smalley, 2010; Hill, Wishaw, & Hargrove, 2013) . In Virginia the survey responses indicate that high tunnels contribute more to local than to global markets. Our national data further indicate that NRCS high tunnel adoption increased in or near small metropolitan counties with high incomes and easy access to grocery stores (Table 1) . Therefore we can conclude that NRCS high tunnels may be doing little to alleviate food deserts or to provide fresh, locally grown food to low income-communities. In fact, they may be contributing to a problem with the local food system that many people criticize, namely, that it primarily serves upper-income, urban communities (Alkon & McCullen, 2011; Campbell, CarlisleCummins, & Feenstra, 2013; Johnston & Baker, 2005) .
Local Food Movement
There may be a positive feedback between a strong local food market, the adoption of high tunnels, and the continued growth of that market (Sundkvist, Milestad, & Jansson, 2005) . Our data show that direct-to-consumer sales in 2007 were highly correlated with consequent adoption of NRCS high tunnels (Table 1 ). In Virginia, high tunnel produce was sold primarily within 100 miles (161 km) of where it was grown. This is well within the limits of USDA's definition of local (400 miles, or 644 km) (Martinez et al., 2010) . The adoption of new technologies does not occur in a vacuum (Adler, Fung, Huber, & Young, 2003) . Farmers looking to enter local food markets may be finding success selling their high tunnel produce where the local food market is already strong.
High tunnels appear to be an emerging technology that will continue to contribute to the local food movement (Martinez et al., 2010) . Our survey of Virginia farmers indicates that farmers find high tunnel technology profitable and are willing to purchase new high tunnels even without further government subsidies. Growing food in high tunnels is much more common in other countries, such as China, Spain, Japan, and Italy . In 2007, before the advent of the NRCS high tunnel program, Carey et al. (2009) estimated that there were only 5,000 acres (2,023 ha) of high tunnel production in the U.S. (0.01% of total vegetable production acreage). Reasons for relatively low use of high tunnels and other protected production methods in the U.S. could include low transportation costs and highly centralized marketing systems. These tend to favor large-scale farms that supply cheap, but potentially lower quality, produce than food produced locally (Edwards-Jones et al., 2008) .
Conclusions
High tunnels are a promising technology that can increase farmers' profits (Arnold & Arnold, 2003; Chase, 2012) , supply fresh and healthy produce to consumers, and fuel growth in the local food movement (ATTRA, 2009). They can also fill a niche for out-of-season local foods that is unlikely to be filled by large-scale producers growing for the global food system (Biernbaum, 2013) . As with many newly adopted technologies, high tunnels may be a double-edged sword. While many hope that they will equitably increase local food supplies and food security, our data show that the NRCS high tunnel program was not particularly successful in counties with low incomes or large, underserved farmer populations. Furthermore, those counties that already had diverse food choices now have even more choices because of U.S. government support. Future research efforts should continue to investigate the impacts of high tunnels on food deserts, poor communities, and underserved farm operators.
